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Abstract
Background: Parents are responsible not only for the genetic structure of their children, but also for passing onto
them their behaviours and attitudes toward life. The aim of this study was to analyse the connection between
school-age children’s obesity and that of their parents as well as between child obesity and parents’ educational
level, as a proxy indicator of the socio-economic status (SES) of families in Tuscany.
Methods: The children sample was selected from “OKkio alla Salute 2010” (a cross sectional survey carried out by
the Italian Institute of Health) and consisted of 1,751 (922 males and 855 females) 8-9 year-old school children.
Weight and height were measured by ad hoc trained personnel, and Body Mass Index (BMI) categories were
calculated using Cole et al.’s cut-off. Parents’ weight, height and educational level were collected by a self-
administered questionnaire. The educational levels were classified as high, medium and low.
Results: The prevalence of obese children increased along the parents’ BMI category: from 1.4% for underweight
mothers to 30.3% for obese mothers and from 4% for under-normal-weight fathers to 23.9% for obese fathers (p <
0.001). An inverse relationship was observed between the parents’ educational level and child obesity, the lowest
educational level corresponding to the highest prevalence of obese children: 9.3% for mothers with a low
educational level compared to 5.8% for mothers with a high educational level (p = 0.15); similarly, the
corresponding prevalence for fathers was 9.5% compared to 4.5% (p = 0.03).
Conclusion: Parents’ obesity and the cultural resources of the family, particularly the father’s, seem to influence the
prevalence of overweight and obesity in Tuscan children.
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Background
The prevalence of childhood obesity is increasing rapidly
in industrialized nations. Childhood obesity can create
many complications at the cardiovascular, endocrine,
pulmonary, musculoskeletal and gastrointestinal levels,
as well as possible psycho-social consequences (poor self
esteem, depression, eating disorders) [1]. For this reason,
recent studies have focused on the possible causes and
risk factors associated with obesity in paediatric ages.
Obesity is known to be a multi-factorial disorder origi-
nating from the interaction of genetic and environmen-
tal factors; the accumulation of body fat is a very
complex phenomenon regulated by a series of physiolo-
gical mechanisms, some of which are still unknown.
Therefore, the genetic factor in families seems to play
an important role in the risk of obesity for a child,
although it only partly explains the phenomenon [2-5].
Numerous studies have shown that the risk of becoming
obese is higher in children of obese parents [6-9]. Par-
ents are responsible not only for the genetic structure of
their children, but also for passing onto them their
behaviours and attitudes toward life. The lifestyle of the
family plays an important role in the nutritional and
behavioural choices of the child and this can be the
result of both social and economic factors, such as the
place of residence; the parents’ cultural level; the eco-
nomic assets of the family; and their income. It is well
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socio-economic conditions and the health status of the
population in developed countries. In Italy, it has been
shown that people from a low socio-economic level are
subject to a higher risk of morbidity and mortality
[10,11]. A study by Mackenbach JP et al.s h o w e dt h a t ,
during the 1990s, in the six countries considered (Fin-
land, the Netherlands, Denmark, the United Kingdom,
Sweden and Italy), the differences in mortality rates
among population groups in high and low socio-eco-
nomic conditions were growing, compared with an over-
all reduction in mortality rates [12]. Studies have shown
an inverse relationship between children Body Mass
Index (BMI) and family educational level; in this con-
text, the parents’ educational level is one of the most
commonly used indicator [13-15].
In the context of the program “Gaining Health in Eur-
ope” launched by WHO-Europe in 2006, the first popu-
lation based nutritional surveillance system named
“OKkio alla Salute” was launched in Italy.
T h ea i mo ft h ep r e s e n ts t u d yi st of o c u so nt h er i s k
factors for obesity in paediatric age and, particularly, on
the possible association between parental and child obe-
sity and the influence that parents’ educational level
could exert on children’s weight status.
Methods
The protocol for the “Okkio alla Salute” survey devel-
oped by the National Institute of Health and reviewed
in collaboration with regional coordinators and mem-
bers of the technical committee is described elsewhere
[16].
In this study we will report data regarding the 2010
Tuscany Regional project. In our region, to guarantee
the maximum level of territorial coverage, all 12 Local
Health Units were invited, and all agreed to join, and
collaborate in, the project. Once enrolled, all 12 Local
Health Units met for an explanation of the protocol and
to arrange the operational formalities of the activities in
Tuscany.
Overall, opt-out consent was signed by 95.5% (1983
children) of the parents of the children enrolled in the
99 classes selected; 91.3% (1811 children) of all invited
children were present on the day of the study. After
data cleaning, 60 more children were discarded (34 out
of age range or with missing age); the remaining 88.3%
(1,751 children: 922 males and 855 females) out of all
enrolled children were analysed.
Students were selected by a stratified one-stage sample
with classes as clusters of students and primary stratifi-
cation by relative health district and municipality size.
The number of children to be enrolled was estimated
on the basis of an expected prevalence of overweight
and obesity of 30%, a precision of 3% using a 95% confi-
dence intervals, and a design effect of 2 [16].
Specifically trained personnel using appropriate and
standardised instruments measured the children’s height
and weight. To measure the anthropometric values, we
followed the recommendations of the World Health
Organization [17].
We used electronic scales with a liquid crystal display
that measured every 100 grams of weight. Height was
measured with a portable stadiometer, with a precision
of 0.1 cm; exact decimal age was calculated from the
date of birth and day of measurement; BMI was then
calculated from weight and height, using the following
formula: weight (kg)/height (m²). BMI classes of the
children were set using the Cole et al. Method [18,19];
this allowed us to have specific cut-off points for males
and females at every age as recommended by the Inter-
national Obesity Task Force (IOTF). We thus obtained
s i xc l a s s e so fB M I :t h i n n e s sg r a d e s3 ,2 ,1 ,n o r m a l
weight, overweight and obesity. According to the Cole’s
definition, the term “underweight” in children includes
thinness grades 3 and 2 (underweight group) while thin-
ness grade 1 and normal weight go into another class
(normal group) [19] as shows in table 1.
The weight, height and educational level of both parents
were recorded in a self-administered questionnaire.
Weight (kg) and height (m) were used for the calculation
of the BMI (kg/m²); the parents’ BMI classes (underweight,
normal weight, overweight or obese) were established
using international cut-off points for adults [17]. For 132
(7.4%) mothers and 202 (11.4%) fathers the BMI calcula-
tion was not possible due to lack of the necessary data.
Three levels of education were then established: high
(university degree), medium (secondary school diploma)
and low (middle school, elementary school or none).
Data were analyzed using SPSS (ver.16) and EpiInfo
(ver.3.5.1.). Descriptive statistics (e.g., mean, proportion,
standard deviation) were used to describe the character-
istics of the sample. The c
2-test and c
2-test for trend
were used to explore the relationship between: a) chil-
dren’s BMI classes and parents’ BMI classes, b) chil-
dren’s BMI classes and parents’ educational level.
Table 1 Nutritional status of 8-9 year old school-children
No. % IC95%
Underweight Thinness 3
Thinness 2
6
5
0.3
0.3
0.06-0.63
0.02-0.54
Normal Thinness 1
Normal
91
1113
5.4
64.3
4.24-6.53
61.96-66.63
Overweight Pre-obese 387 21.8 19.73-23.92
Obese Obese 149 7.9 6.54-9.19
Total 1751 100
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measure of association between children’s BMI classes
and parents’ BMI classes and children’s BMI classes and
their parents’ educational level.
The association between children’s obesity and their
parents’ educational level was estimated comparing the
Prevalence Ratios (PR), of children whose mothers and
fathers had a low educational level with that of children
born from mothers and fathers with a high educational
level.
All analyses were carried out using the C-Sample rou-
tines for complex survey design.
Results
Thanks to the participation of all the Local Health
Units, it was possible to produce a representative sample
of the population of 8/9-year-old Tuscan children. The
frequency of BMI values, BMI means ± standard devia-
tion of children, mothers and fathers is described in
F i g u r e1 .T h ep r e v a l e n c eo fo v e r w e i g h ta n do b e s i t yi n
children is 21.8% and 7.9% respectively (table 1).
Table 2 shows the distribution of the parents’ BMI
classes. It is evident that there are more overweight
(44.0%) and obese (8.3%) fathers compared to mothers
(17.3% and 4.1%). There is also a clear prevalence of
underweight mothers compared to fathers (5.0% vs.
0.4%).
If we relate the BMI class of the child with that of the
mother and father (table 3, 4) we observe, in both cases,
that the prevalence of obese children increases with
increasing parents’ BMI classes (p = 0.01). Furthermore,
the prevalence of obese children of obese mothers
(30.3%) is higher than that observed in children of obese
fathers (23.9%), but the difference is not statistically sig-
nificant (p = 0.3).
The weighted prevalence of obese children of mothers
with an excess of weight (overweight plus obese) is
16.7%, derived from raw data presented in tables 3,
while the corresponding value of children from fathers
with an excess of weight (table 4) is 10.8%; the differ-
ence results statistically significant (p = 0.006).
Most of the parents have a middle or secondary
school diploma; the most frequent level of education of
mothers and fathers is the secondary school diploma.
The percentage of mothers with a High School diploma
( 4 9 . 5 % )a n dw i t haU n i v e r s i t yd e g r e e( 1 8 . 6 % )i sh i g h e r
than that of fathers (41.1% and 14.4% respectively) (Fig-
ure 2).
The analysis of the relationship between the parents’
educational level and the BMI class of their children
(table 5) shows that the lowest percentage of obesity
(2.8%) and the highest percentage of normal-weight
(82.3%) correspond to the parents’ level of education
“Mother MEDIUM-father HIGH"; vice-versa, the highest
percentage of obesity (10.6%) and one of the lowest per-
centage of normal-weight (66.3%) correspond to the par-
ents’ level of education “Mother LOW-father
MEDIUM”.
This data is also confirmed by the separate analysis for
the fathers’ and the mothers’ level of education (table 6,
7). It is thus evident that the prevalence of obese chil-
dren is inversely related to the educational level of
fathers. In fact, the percentage varies from the highest
value of 9.5% of obese children from fathers with a low
educational level to the lowest value of 4.5% of obese
children from fathers with a high educational level (p =
0.03); for mothers the inverse relationship is present
(from 9.3% to 5.8% respectively) but the difference is
not statistically significant (table 8).
When calculating the PR’s of obese children by the
parents’ educational level, from the data reported in
tables 7, we find that the PR of children whose mothers
have a low educational level, compared to children born
from mothers with a high educational level, is 1.6 (IC95%
0.93-2.69). The PR of children whose fathers have a low
educational level compared to children born from
fathers with a high educational level is 2.1 (IC95% 1.11-
4.11).
Conclusion
Parents’ obesity and the cultural resources of the family,
particularly the father’s, seem to influence the preva-
lence of overweight and obesity in Tuscan children.
Many studies in the field of obesity in school-aged
children have emphasized the role of the family. Parent’s
genetic and behaviour factors, which are, consciously or
unconsciously, transmitted to their children, are essen-
tial to explaining the nutritional status of these children
[20,21].
In the present study we should emphasise that weight
and height used to calculate the BMI, are directly mea-
sured in children while parents’ weight and height are
self-reported.
The parents’ obesity is certainly one of the most
important factors in favouring an increase of the chil-
dren’s weight and obesity [8,22]. In fact, the relationship
between the children and the parents’ BMI is significant.
The parents are also responsible for the quality and the
availability of food within the home and, for this reason,
if their food habits are incorrect those of their children
will follow [23]. A study by Wardle J. et al. [24] com-
pared the food and activity preferences and lifestyles of
children, independently of their BMI classes, from obese
and lean families. The results showed that: “Children
from the obese/overweight families had a higher prefer-
ence for fatty foods in a taste test, a lower liking for
vegetables, and a more ‘overeating-type’ eating style.
They also had a stronger preference for sedentary
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Page 3 of 8Figure 1 Frequency of children, mothers and fathers’ BMI values.
Table 2 Distribution of parents’ BMI class
Mother Father
BMI Class No. % 95% CI No. % 95% CI
Underweight 78 5.05% 3.8-6.2 5 0.36% 0.05-0.68
Normalweight 1212 73.59% 71.1-76.1 743 47.33% 44.3-50.3
Overweight 285 17.3% 15.2-19.4 692 43.99% 41.3-46.6
Obese 70 4.06% 3.0-5.1 135 8.32% 6.8-9.8
Total 1645 100% 1575 100%
Missing 132/1777 202/1777
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CHILD
Underweight
a
(%)
Normalweight
b (%) Overweight (%) Obese
(%)
Total
No. (%)
MOTHER
Under-normal weight 0.8 74.2 20.0 5.0 1273 (100)
Overweight 0.4 56.1 29.9 13.6 279 (100)
Obese —— 48.2 21.4 30.3 68 (100)
Total No. 11 1119 358 132 1620
Chi square for trend p = 0.24 p < 0.001 p = 0.046 p < 0.001
Kendall’s τb p < 0.001
a The underweight class include thinness 2 and 3.
b The Normal class include normal and thinness 1.
Table 4 Children’s BMI class compared to father’s BMI class
CHILD
Underweight
a
(%)
Normalweight
b (%) Overweight (%) Obese
(%)
Total
No. (%)
FATHER
Under-normal weight
c 0.9 76.3 18.8 4.0 722 (100)
Overweight 0.3 67.1 24.2 8.3 680 (100)
Obese 0.9 51.1 24.1 23.9 133 (100)
Total No. 10 1062 338 125 1535
Chi square for trend p = 0.28 p < 0.001 p = 0.01 p < 0.001
Kendall’s τb p < 0.001
a The underweight class include thinness 2 and 3.
b The Normal class include normal and thinness 1.
c The underweight class was linked to the normal weight class because numerically not significant
Figure 2 Parents’ educational level.
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Page 5 of 8activities, and spent more time in sedentary pastimes.
There were no differences in speed of eating or reported
frequency of intake of high-fat foods”.
The analysis of educational levels shows that there is
an inverse relationship between the parents’ educational
level (considered both together and separately) with
overweight and obesity in 8- to 9-year-old children in
Tuscany, similar to what has been found in other stu-
dies in Northern Italian pre-pubertal age children [15].
In particular, regarding the educational level, the influ-
ence of the father is stronger than that of the mother.
In fact, analysing the parents together, among the var-
ious combinations that support this assumption, one is
particularly evident; in the case of the mother at a med-
ium and the father at a high educational level, only 2.8%
of the children were obese, whilst in the opposite case,
with the father at a medium and the mother at a low
l e v e l ,t h ep e r c e n t a g er o s et o1 0 . 6 % .I fw ee v a l u a t et h e
parents’ educational levels separately, we find that
fathers have a stronger influence on the prevalence of
obesity in their children (PR of obesity in children born
from fathers with low educational level is 2.1; category
of reference: high educational level). These considera-
tions are coherent with previous studies on the associa-
tion between diet and physical activity with parent’s
social economic level.
It has been demonstrated that the diet of groups in a
low socio-economic level is characterized by cheap foods,
poor in nutrients and reach in high energy density (fats,
sugars, full cream milk, preserves, potatoes and cereals,
meat products) [25,26]; on the other hand, it has been
observed that the father’s educational level is directly
associated with sports activities in schoolchildren [27].
In conclusion, we can state that, beyond the genetic
predisposition in which the role of parents is clearly
identifiable, it is possible, at least in Tuscany Region,
that the family’s low educational level, both in terms of
economic and cultural resources, prevalently of the
father, favours the increase of weight in school-age
children.
Furthermore, it can be hypothesized, certainly after
additional analyses, that parents’ obesity and family SES
can be utilized as potential predictors for a child becom-
ing obese and remaining so over time.
Table 5 Distribution of children’s BMI by parents’ educational level
Children’s BMI class
Parents educational level No. Underweight
(%)
Normalweight
(%)
Overweight
(%)
Obese
(%)
Mother and father HIGH 126 0.2 72.8 21.8 5.2
Mother HIGH-father MEDIUM 125 —— 66.6 27.5 5.9
Mother HIGH-father LOW 40 2.81 64.8 23.9 8.4
Mother MEDIUM-father HIGH 79 —— 82.3 14.8 2.8
Mother and father MEDIUM 402 0.07 68.8 24.6 6.5
Mother MEDIUM-father LOW 310 1.1 68.9 20.5 9.5
Mother LOW-father LOW 347 0.99 69.7 19.6 9.7
Mother LOW-father MEDIUM 118 0.96 66.3 22.2 10.6
Total 1563 0.63 69.5 22.0 7.8
p <0.001
a
Mother low - father high (n = 16) are not included due to their low number.
a Chi square (not considered underweight class)
Table 6 Relationship between children’s BMI class and father’ educational level
CHILD
Educational level Underweight
(%)
Normalweight
(%)
Overweight
(%)
Obese
(%)
Total
No. (%)
FATHER
Low 1.1 69.4 20.0 9.5 704 (100)
Medium 0.2 68.0 24.7 7.1 653 (100)
High 0.1 75.5 19.9 4.5 223 (100)
Total No. 10 1087 352 131 1580
Chi square for trend p = 0.03 p = 0.07 p = 0.12 p = 0.03
Kendall’s τb p = 0.012
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to point out that the target population to be firstly
involved in health promotion and education programs
should be the families with a low educational level.
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